. Expression of Per2, nearly undetectable in anopsin) and blue-light photoreceptors (e.g., crypconstant darkness, is robustly induced after exposing tochromes). We have previously showed that the zethe cells to light, reaching maximal levels 120 min after brafish is an ideal model organism in which to study treatment ( Figure 1A ).
(F) Confluent Z3 cells were kept in the dark and were treated with the adenylate cyclase activator forskolin (at 10 g/mL) or with the vehicle (same volume of ethanol) for 100 min, cells were harvested, and RNA was prepared. Cell culture, light treatment, RNA preparation, and RNase protection assays with the Per2 riboprobe were performed as described [14] . Samples were equilibrated by ethidium staining of total RNA (lower panels). tial specifically for light inducibility, since higher concencurves. Figure 2A presents the raw data and regression lines generated for the Per2 gene response to different trations of H-89 reduce both basal and induced levels light intensities at selected wavelengths. The relative of Per2. Consistently, it appears that the PKA pathway efficiency of induction was evaluated from the slope of is by itself not sufficient to elicit Per2 induction, since the linear regression data ( Figure 2A ) and was plotted activation of the adenylate cyclase by forskolin has no for wavelengths between 320 and 580 nm ( Figure 2B ). effect ( Figure 1F ). On the other hand, the SB203580
The action spectrum peak was located around 380 nm, inhibitor, specific for the stress-regulated p38 MAP kiwith minimal induction of Per2 observed in wavelengths nases, does not inhibit Per2 induction ( Figure 1E) . above 450 nm ( Figure 2B ). These data exclude rhodop-SB203580 rather consistently potentiates this induction, sin as the major photoreceptor for light-induced Per2 suggesting that, in a possible signaling cross-talk, the expression. The short wavelength peak is consistent p38 pathway could negatively influence the ERK/MAPKwith cryptochromes and blue/ultraviolet opsin absorpdependent induction of Per2.
tion spectra [8, 21] . To differentiate between these two candidates, total 11-cis-retinal and all-trans-retinal levels were measured, as described previously [28] . Four of them, Cry1a, Cry1b, Cry2a, Cry2b, and Cry4 can be excluded as candidate photopigments in naive Z3 cells. On the other hand, the Cry2a, and Cry2b, display a sequence that is highly similar to mammalian Cry1 [28] . Moreover, the proteins products of Cry1b (which may encode more than one transcript or alternative isoforms, as suggested by the encoded by these four genes inhibit transcription that is mediated by CLOCK:BMAL1, suggesting a role in the band doublet) and Cry3 may fulfill this role, since these genes are expressed under all conditions examined. It molecular clockwork similar to that described for their mammalian homologs. The other two zebrafish Cry would be interesting to investigate the protein expression patterns of these latter two CRYs and to establish genes, Cry3 and Cry4, present a more divergent sequence and do not inhibit transcription. Thus, they have whether their abundance falls after a light pulse. This could parallel what is observed for the Drosophila CRY possibly evolved different functions [28] .
The action spectrum suggests that CRYs are involved that is degraded by the proteasome following exposure to light [29] . Also, the generation and analysis of zebrain light-dependent clock gene activation in Z3 cells (Figure 2) . Thus, we wanted to establish the expression fish CRY mutants for residues potentially important for intramolecular redox reactions may give indications of profile of the six zebrafish Cry genes in these cells. 
Action Spectrum and Statistical Analysis
Z3 cells were trypsinized, pelleted, and resuspended in 8 ml of the same medium and were maintained in suspension by rocking for 4 hr. A cuvette with Z3 cells in suspension was irradiated with a specific dose, utilizing light intensities ranging from 1.93 ϫ 10 14 photons·m Ϫ2 ·s Ϫ1 (320 nm) to 1.93 ϫ 10 15 photons·m Ϫ2 ·s Ϫ1 (580 nm), corrected as previously described [34] . Specific wavelengths were delivered using an integrated monochromator-actinometer (Quantacount-Photon Technology International) as described [34] . After irradiation, cells were maintained in darkness for 2.5 hr and were then harvested for RNA preparation and analysis. Suspension of Z3 cells elevated the basal level of Per2 relative to cells in monolayer. Under these conditions, the typical induction ratio was 2-to 4-fold under saturating light dose. Therefore, 366 nm was used as a reference for variability and was included as a control in every experiment, explaining the abundance of data points for this wavelength. Only data points above 2.0 ϫ 10 17 photons·m Ϫ2 for 366 nm, where the dose was clearly saturating, were excluded. Linear regression was performed, and all regressions were significant with p Ͻ 0.05. Linear 
